Two new benzyl γ-butyrolactone analogues, (R)-5-((S)-hydroxy(phenyl)-methyl)dihydrofuran-2(3H)-one (1) and its 6-acetate (2), and a new naphthalenone derivative (8), together with eight additional known aromatic derivatives, (S)-5-((S)-hydroxy(phenyl)-methyl)dihydrofuran-2(3H)-one (3), (S)-5-benzyl-dihydrofuran-2(3H)-one (4), 5-phenyl-4-oxopentanoic acid (5), γ-oxo-benzenepentanoic acid methyl ester (6), 3-(2,5-dihydro-4-hydroxy-5-oxo-3-phenyl-2-furyl)propionic acid (7), (3R)-5-methylmellein (9), integracins A (10) and B (11) were isolated from Cytospora sp., an endophytic fungus isolated from Ilex canariensis from Gomera. The structures of these compounds were elucidated by detailed spectroscopic analysis, comparison with reported data, and chemical interconversion. The absolute configurations of the new compounds (1, 2, 8) were established on the basis of optical rotation or CD spectra analysis. Preliminary studies showed antimicrobial activity of these compounds against the fungi Microbotryum violaceum, Botrytis cinerea and Septoria tritici, the alga Chlorella fusca, and the bacterium Bacillus megaterium.
Endophytic fungi are a rich source of novel natural products with interesting biological activities and a high level of biodiversity. They represent a relatively unexplored ecological source, and their secondary metabolism is particularly active, presumably due to metabolic interactions with their hosts [1a] . The endophytic fungus species Cytospora has produced a diverse array of bioactive metabolites. So far, at least 35 compounds have been isolated and classified into octaketides, dihydroisocoumarins, bisanthraquinones, hexahydrobenzopyrans, aromatics and macrolides. These compounds demonstrated various biological activities in bioassay in vitro, such as HIV-1 integrase inhibition [1b], angiotensin II binding inhibition [1c] , agitation for nuclear orphan receptor Nur77 [1d], antimicrobial activity [1e], cholesteryl ester transfer protein (CETP) inhibition [1f], antioxidant and scavenging activity [1g] . Among the aromatic derivatives, cytosporone B showed antifungal and cytotoxic activities, and cytosporones D and E exhibited antibacterial activity [1h] . As part of our continuing investigations to elucidate new bioactive metabolites from fungi [1i-1l], we have now investigated the metabolites produced by an endophytic Cytospora sp. isolated from Ilex canariensis (Aquifoliaceae, Aquifoliales), an evergreen shrub from the island of Gomera, Spain. The crude ethyl acetate extract of the culture showed very good antifungal activity against Microbotryum violaceum and moderate algicidal activity against Chlorella fusca. Fractionation led to two new benzyl γ-butyrolactone analogues (1, 2) and a new naphthalenone derivative (8), together with eight additional known aromatic derivatives (4-7, 9-11) ( Figure 1 ). This paper reports the isolation, structural elucidation, and bioactivities of these compounds.
The fungus Cytospora sp. was cultivated on biomalt agar medium for four weeks and the culture filtrate was extracted with ethyl acetate. The crude extract was fractionated on a silica gel column, followed by Sephadex LH-20 and silica column chromatography to yield the pure compounds 1-11.
On the basis of detailed spectroscopic analysis and comparison with reported data, the structures of eight known compounds were characterized as (S)-5-((S)-
, 5-phenyl-4oxopentanoic acid (5) [2c], γ-oxo-benzenepentanoic acid methyl ester (6) [2d], 3-(2,5-dihydro-4-hydroxy-5-oxo-3phenyl-2-furyl)propionic acid (7) [2e], (3R)-5methylmellein (9) [2f], integracins A (10) and B (11) [2g], respectively. To the best of our knowledge, the eight known compounds (3-7, 9-11) were isolated and characterized from the endophytic fungus Cytospora sp. for the first time, while compounds (4-6) had not previously been found from natural sources. Compound 3 was previously isolated from the fungus Acremonium sp. and showed weak phytotoxic activity [2a] Compound 1 was isolated as an optically active ([α] 20 D : +50.2, c 0.18, in CHCl 3 ), amorphous solid. The molecular formula of C 11 H 12 O 3 was deduced from EIMS, 13 C and DEPT spectra. The IR spectrum of 1 showed the bands of a hydroxyl group (3364 cm -1 ), an ester group (1770 cm -1 ) and a mono-substituted aromatic system (3029, 1664, 1606, 1455, 704 cm -1 ) , in agreement with the presence of one ester carbonyl (δ C 177.6), two secondary oxygenated carbons (δ C 83.3, 73.4), and a phenyl group (δ C 138.4, 126.0, 128.6, 128.1, 128.6, 126.0) in the 13 C NMR and DEPT spectra. The HSQC spectrum facilitated the assignment of the protonated carbons (Table 1 and 2), suggesting the same planar structure as 3 [2a] . However, the obvious difference between the coupling constants of H-6 (3.5 Hz in 1 and 6.4 Hz in 3 [2a] ) indicated a 5,6-anti configuration in 1 compared to the 5,6-syn configuration in 3. A literature survey revealed identical 1 H and 13 C NMR data of 1 to those of synthetic (S)-5-((R)-hydroxy(phenyl)methyl)dihydrofuran-2(3H)-one [3a] but a different sign of the optical rotation ([α] 20 D : +50.2, CHCl 3 , c 0.18 in 1; [α] 20 D : -53.3, CHCl 3 , c 0.22 in Ref [3a] ). These facts led to the determination of the absolute stereochemistry of 1 as that of the enantiomer of the synthetic product, namely (5R,6S)-1.
Compound 2 was isolated as an optically active ([α] 20 D : +36.8, c 0.03, in CHCl 3 ), colorless gum. The molecular formula C 13 H 14 O 4 was established by ESIMS, 13 C and DEPT spectra. The IR absorption at 1778 and 1743 cm -1 indicated the presence of two ester groups. The 1 H and 13 C NMR spectra of 2 was similar to that of 1, except for the presence of additional methyl signals at δ H 2.15 (s) and δ C 21.0, and an ester carbonyl signal at δ C 169.6 ( Table 1 and 2), suggesting the presence of an acetyl group in 2. The location of the acetoxy group at C-6 was shown by the downfield shift of the H-6 proton signal from δ H 5.12 in 1 to δ H 5.97 in 2 ( Table 1 ). The relative stereochemistry of 2 was characterized as one component of a synthesized mixture of diasteroisomers of acetic acid Aromatic derivatives from Cytospora sp.
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(5-oxo-tetrahydro-furan-2-yl)-phenyl-methyl ester [3b]. Acetylation of 1 gave 2 thus establishing the absolute stereochemistry as (5R,6S).
Compound 8 was obtained as an optically active ([α] 20 D : -50.0, c 0.01, in MeOH), colorless gum. Its molecular formula C 12 H 12 O 4 was established by ESIMS, 13 C and DEPT spectra (Table 3 ). The IR spectrum showed the presence of an ester group (1740 cm -1 ), a conjugated carbonyl group (1643 cm -1 ), a hydroxyl group (3359 cm -1 ) and a 1,2,3-trisubstituted aromatic system (1620, 1581, 805, 748 cm -1 ). The 1 H NMR spectrum of 8 displayed a chelated proton at δ 12.38, and three vicinal aromatic protons as an ABM spin system at δ 6.92 (d, J = 7.5 Hz, H-5), 7.47 (t, J = 7.9 Hz, H-6) and 6. 96 (d, J = 8.5 Hz, H-7), indicating the presence of a naphthalenone skeleton. The appearance of six aromatic sp 2 signals at δ 115.9-162.7 and a ketone signal at δ 203.9 in the 13 C NMR spectrum supported the above conclusion. The HSQC spectrum provided complete and rigorous 1 H and 13 C NMR assignments of 8 (Table 3) , and the planar structure was based on 2D NMR analysis ( 1 H-1 H COSY, HMBC). The absolute configuration at C-4 was determined by CD spectra. The CD behavior of the naphthalenone derivative was strongly dominated by the stereocenter in the benzylic 4-position next to the aromatic chromophore. Regardless of the configuration at C-3, the CD spectra showed a negative first Cotton effect at 255 nm and a stronger second positive one at 214 nm for the 4S-configuration ( Figure 2) [3c]. The CD spectrum of 8 showed good agreement with those of ent-12a and 12b, a negative first Cotton effect at 256 nm and a stronger second positive one at 208 nm (Figure 3 ). The absolute configuration at C-4 was therefore determined as S, and the absolute stereochemistry of 8 was consequently assigned as (4S)-8. The planar structure of 8 was originally reported based on an analysis of its infrared spectra [3d], and then as a synthetic intermediate without mention of its NMR [3e].
Bioactivity:
The isolated compounds 1-11 were tested in an agar diffusion assay for their antibacterial, antifungal and algicidal properties and compared with the control compounds, (penicillin, streptomycin, and the solvent acetone Table 4 ). All of the compounds had excellent antibacterial activity against the Gram positive bacterium, Bacillus megaterium, but not against the Gram negative bacterium, Escherichia coli. Particularly, compound 1 showed strong antifungal activity against Botrytis cinerea. These activities are consistent with results of our previous investigations in which we found that a high proportion of metabolites from endophytic fungi produce antifungal metabolites [4a] . Isolates from the marine biotopes from the island of Gomera were particularly active in our tests. In a parallel antifungal activity assay, an antifungal susceptibility test [4b], compounds 1-11 showed no activity against four human pathogenic fungal strains, i.e. Candida albicans, Cryptococcus neoformans, Aspergillus fumigates and Trichophyton rubrum (MIC 80 > 64 mg/L). 
Experimental
General experimental procedures: Optical rotations were measured on an Autopol IV polarimeter. CD spectra were acquired using a Jasco-715 spectropolarimeter. Melting points were determined on an XT5-XMT apparatus. UV spectra were recorded on a UV-1102 PC spectrophotometer; peaks are reported in nm. IR spectra were recorded on a Nicolet-NEXUS 470 FT-IR spectrophotometer; peaks are reported in cm -1 . NMR spectra were recorded at 300 K on Varian Inova-400 MHz spectrometer. Chemical shifts are reported in parts per million (δ), using CDCl 3 as an internal standard with coupling constant (J) in Hz. 1 H and 13 C NMR assignments were supported by 1 H-1 H COSY, HSQC, HMBC experiments. Mass spectra were performed on a Quattro mass spectrometer. Semi-preparative HPLC was performed on an Agilent1100 system equipped with a : 3032, 2925, 2854, 1778, 1743, 1457, 1371, 1231, 1167, 1025, 703 cm -1 . UV (MeOH) λ max nm (log ε): 253 (3.49). 1 H NMR and 13 C NMR: Table 1 and Table 2 . ESIMS: m/z 257 [M+Na] + .
Compound 8 colorless gum
[α] 20 D : -50.0 (c 0.01, MeOH). CD (EtOH, c 1.6×10 -4 ): λ max nm (△ε) = 256 (-3.11), 208 (+4.34). IR (film) ν max : 3359, 2926, 2854, 1740, 1643, 1620, 1581, 1456, 1372, 1233, 1034, 805, 748 cm -1 . UV (MeOH) λ max nm (log ε): 256 (3.38), 330 (2.99). 1 H NMR and 13 C NMR: Table 3 . ESIMS: m/z 243 [M+Na] + .
Preparation of 2:
One drop of acetic anhydride in anhydrous pyridine (0.5 mL) was added to a solution of compound 1 (0.7 mg) and stirred at room temperature overnight. After the usual work-up, the acetyl derivative of 1, isolated in quantitative yield, was found to be identical with the natural product 2.
Agar diffusion test for biological activity: Compounds 1-11 were dissolved in acetone at a conc. of 1 mg/mL. Fifty microliters of the solution (0.05 mg substance) were pipetted onto a sterile filter disc (Schleicher & Schuell, 9 mm) , which was placed onto an appropriate agar growth medium for the respective test organism and subsequently sprayed with a suspension of the test organism [4d] . The test organisms were the Gram negative bacterium, Escherichia coli, the Gram positive bacterium, Bacillus megaterium (both grown on NB medium), the fungus
